Objective. We examined whether or not high maternal smoking rates at the neighborhood level increase the likelihood of individual smoking by Latina women in the three months prior to and during pregnancy, independent of other individual and neighborhood factors.
Tobacco control is a U.S. public health priority and maternal smoking is of particular importance. 1 Maternal smoking is associated with premature birth and low birthweight, birth defects, sudden infant death syndrome, and the exacerbation of childhood asthma and other respiratory disorders. 2 Furthermore, parental smoking increases the risk that children themselves will smoke as adults. 3 In the United States, one in every seven women is estimated to smoke during pregnancy. 4 Although women of Latina heritage are less likely to smoke than women from other ethnic/racial groups, Latina women account for approximately 23% of U.S. births each year. 5, 6 A 1% absolute decrease in maternal smoking among Latina women would impact the health and well-being of more than 9,000 infants and mothers of Latina origin annually.
Individual risk factors for prenatal and maternal smoking among Latina women in the United States include poverty, lower education levels, younger age, English language preference, and U.S. nativity. [7] [8] [9] Smoking behaviors also have been found to be contingent upon neighborhood characteristics, meaning the physical, demographic, or social characteristics of the relatively small geographic area surrounding one's residential address. This research has predominantly focused on smoking among the general adult and adolescent populations. [10] [11] [12] [13] [14] For example, Xue et al. found that high co-ethnic density (i.e., a neighborhood characteristic defined at the level of census block groups) decreased the risk of tobacco use by African American adolescents independent of individual characteristics such as age, socioeconomic status (SES), and exposure to parental substance use. 10 Similarly, Kandula et al. found that Asian American women living in "Asian enclaves" (i.e., census tracts with $50% Asian residents) in California were less likely to smoke than women not living in Asian enclaves, even after taking into account individual characteristics such as age, marital status, education, income, emotional well-being, duration of U.S. residency, and language spoken at home. Notably, neighborhood SES (a composite measure comprising concentrated affluence, concentrated poverty, percentage of college-educated residents, and percentage of home ownership) was not associated with increased or decreased odds of smoking in this minority population. 15 A limited but evolving literature has focused on neighborhood-level factors associated with smoking during pregnancy. Studies examining neighborhoodlevel associates of maternal smoking in Sweden, South Carolina, and California have found that neighborhood poverty is independently associated with risk of tobacco use during pregnancy. 16, 17 In a nationwide analysis of U.S. natality files, Shoff and Yang found that after adjusting for individual-level characteristics such as age, education, and race/ethnicity, a one-unit increase in county-level SES (a composite measure comprising various county-level statistics for educational attainment, income, occupation, and household composition) was associated with a 21% decrease in the individual likelihood of smoking during pregnancy. They also found that women in rural counties were less likely than women in non-rural areas to smoke during pregnancy. 18 Shaw et al. also found that as county-level co-ethnic density increases, Latina women are substantially less likely to smoke during pregnancy. For example, Latina women in U.S. counties with ,1% Latino residents compared with Latina women in counties with 15% to ,50% Latino residents had an adjusted odds ratio for smoking during pregnancy of 0.35 (95% confidence interval [CI] 0.28, 0.42). Among Latina women living in counties with $50% Latino residents, the adjusted odds ratio was 0.11 (95% CI 0.07, 0.17). 19 The relationships between neighborhood measures and individual behavior may be mediated by structural, spatially correlated factors, such as the availability of tobacco products and exposure to tobacco advertising. They may also be mediated by social factors, such as decreased chronic stress in neighborhoods in which high co-ethnic density results in greater social connectedness, support, or cohesion for members of the dominant ethnic group. It is also possible that this association is due to differences in social norms (i.e., shared beliefs about how people should behave). [20] [21] [22] In general, Latina women who live in neighborhoods with a high proportion of Latino residents are also living in neighborhoods where maternal smoking is infrequent. This environment may reinforce a perceived social norm-that women do not smoke during preconception or pregnancy (or smoke at all)-that may be a more important determinant of individual maternal smoking behavior than the neighborhood's ethnic composition. This potential social norm that exists in Latino neighborhoods is suggested by an analysis completed by Shaw and Pickett, who demonstrated that non-Latina women living in U.S. counties with $50% Latino residents are also much less likely to smoke during pregnancy than women who live in less Latinodense areas, independent of individual characteristics such as age, marital status, and education. 23 Shoff and Yang also found that the individual odds of smoking during pregnancy were lower for women living in counties with a higher proportion of Latino residents compared with women living in neighborhoods with lower proportions of Latino residents, adjusting for maternal race/ethnicity. 18 We sought to advance this literature by examining the relationship between peer smoking rates at the census-tract level and the individual-level probability of smoking in the three months prior to or during any trimester of pregnancy. We hypothesize that Latina women living in census tracts where more women smoke immediately prior to or during pregnancy will themselves be more likely to smoke prior to or during pregnancy, independent of other individual and census tract-level risk factors. Because residential Latino ethnic density has a strong relationship with maternal smoking, and because maternal smoking behaviors differ significantly among racial/ethnic groups, we focused our analysis on Latina women. 5, 24 
METHODS
We conducted a retrospective, observational study using two consecutive years of Pennsylvania birth records (2009-2010) to identify the analytic sample. The sample comprised women who self-identified as Latina (n526,242), for whom selected variables (i.e., smoking status before or during pregnancy, age, receipt of benefits during pregnancy or delivery, and parity) were nonmissing (n525,176), and whose addresses were geocoded to 2010 American Community Survey (ACS) five-year estimate census tracts using ArcGIS ® version 10.1 (n524,443). 25, 26 Women with missing key variables were more likely to have been born outside of the United States, to be uninsured or publicly insured, to live in census tracts with higher co-ethnic density, and to live in census tracts in which the peer smoking rate was 25% to 33%. Women who could not be geocoded (i.e., whose address included a post office box rather than street address) predominantly lived in rural areas, as indicated by a review of ZIP Code centroids.
The primary outcome was self-reported maternal smoking at the individual level. Data were derived from 2009-2010 birth records and dichotomized. The number of cigarettes smoked daily was reported for each trimester and for the three months prior to conception. Women who reported smoking $1 cigarette daily during any of these time periods were categorized as smokers, as smoking cessation is a priority during both the preconception and prenatal periods. 2 The primary independent variable was the peer smoking rate at the census-tract level for the three years prior to the study period (hereinafter referred to as the neighborhood smoking rate). Census tracts were selected as proxies for neighborhoods, consistent with prior research on neighborhood influences on health and health behaviors, and because geographically proximal women of similar age and family composi-tion were likely to comprise a peer group to the study population. Data used to calculate the neighborhood smoking rate for each of the 2,398 census tracts were derived from three years of consecutive Pennsylvania birth records (2006) (2007) (2008) . The most recent birth records (n5573,518) were included and linked to 2010 ACS five-year estimates (n5550,667) using ArcGIS. Women included in the 2009-2010 analytic sample did not contribute data to the neighborhood smoking rate.
Individual-level covariates, which were derived from birth records, comprised maternal age (years), nativity (U.S.-born, foreign-born, or missing), educational achievement (,9th grade, 9th-12th grade without completion, high school diploma or general educational development certificate, some college without a degree, $associate degree, or missing), marital status (unmarried, married, or missing), an indicator of whether or not the mother received selected public benefits at the time of delivery (combination of Special Supplemental Nutrition Program for Women, Infants and Children and insurance status), and parity.
Census tract-level covariates, which were derived from 2010 ACS five-year estimates, were co-ethnic density, neighborhood density, and poverty. Co-ethnic density, defined as the proportion of area residents who self-identified as Latino, was categorized as follows, consistent with prior research demonstrating a nonlinear relationship with smoking: ,1%, 1% to ,5%, 5% to ,15%, 15% to ,50%, and $50%. 19, 23 Neighborhood density was categorized as high (.1,000 people per square mile), medium (285-1,000 people per square mile), or low (,285 people per square mile). These state-specific categories were selected after mapping population density as a continuous variable against U.S. Census Bureau-, Pennsylvania-, and rural urban community area code-designated rural and urban areas across Pennsylvania. [27] [28] [29] [30] Neighborhood SES was defined as the percentage of individuals living below the federal poverty level, a robust proxy for neighborhood SES and a known correlate of smoking risk. 31
Statistical analysis
Characteristics of the study sample and the study sample's residential census tracts were summarized by individual-level maternal smoking status. Characteristics were also summarized across the following quartiles of neighborhood smoking rates: 0%-15% (quartile 1), 16%-24% (quartile 2), 25%-33% (quartile 3), and 34%-64% (quartile 4). We used multilevel logistic regression models to estimate the effect of neighborhood smoking on maternal smoking among Latina women. Individual-and census tract-level variables were added sequentially to observe their relative impact on the outcome. All models included a census tract-level random intercept to account for correlation due to clustering of 24,443 women in 2,398 census tracts. Because Shaw et al. 23 had found that the effect of nativity varied by U.S. county, we also included a census tract-level random slope for nativity in the final model. We considered our primary analysis to be the final, fully adjusted model (model 3), for which p,0.05 was considered statistically significant. Analyses were completed using Stata ® version 12.1. 32 Given that multilevel modeling techniques account for the nested structure of our sample, we did not provide insight into spatial interrelationships of neighborhood units and, hence, may have omitted important geographic components of the peripartum smoking phenomenon in question. Therefore, we performed a spatial analysis to assess for residual autocorrelation not accounted for by our final model using the Global Moran's I-statistic, as well as the local Getis-Ord Gi* statistic in ArcGIS. 33 The spatial matrix used in these analyses was specified a priori, as census tracts are larger in rural areas. High-density areas were assigned a twomile neighboring radius, moderate-density areas were assigned a 10-mile neighboring radius, and low-density areas were assigned a 30-mile neighboring radius. Observed-over-expected ratios were used instead of simply the remaining random effect when examining remaining autocorrelation. This type of adjustment served to standardize residual "noise," allowing a more rigorous comparison of areas that had adjusted rates above and below expected values.
RESULTS
We present the spatial distributions of the analytic sample and of neighborhood smoking rates in choropleth maps (Figure 1 ). The analytic sample was concentrated in urban areas of eastern Pennsylvania, with the majority of women living in or near Philadelphia (Figure 1a ). In contrast, neighborhood smoking rates were highest in rural and inner-city areas within the state (Figure 1b ).
When compared with census tracts with the highest neighborhood smoking rate (quartile 4), census tracts with the lowest neighborhood smoking rates (quartile 1) included a higher proportion of Latina mothers who were foreign-born (51.0% vs. 27.2%), educated to ,9th grade (15.4% vs. 7.8%), and married (45.0% vs. 31.5%). The median value for the percentage of the census tracts designated as living in poverty was 5.4% in smoking quartile 1 and 14.7% in smoking quartile 4. The relationship between Latino ethnic density and neighborhood smoking rate was nonlinear. Quartiles 2 and 3 had the highest proportion of census tracts with Latino ethnic density $15% (Table 1) .
Overall, 3,575 Latina women (14.6%) reported smoking during and immediately before pregnancy. Nonsmokers were more likely than smokers to be foreign-born (40.3% vs. 6.6%), married (36.6% vs. 15.6%), and residents of more affluent neighborhoods with poverty rates of ,10.4% (26.6% vs. 20.5%). Compared with the smoking group, the nonsmoking group also included a disproportionate percentage of women with ,9th grade education (11.6% vs. 4.6%) and women with $associate degree (14.6% vs. 5.6%) ( Table 2) .
In the unadjusted model (Model 1), an increase in the neighborhood smoking rate of 10% was associated with a 51% increase in the odds that a woman smoked (odds ratio [OR] 5 1.51, 95% CI 1.43, 1.58).
In the fully adjusted model (Model 3), the odds that a woman smoked was attenuated but remained significantly associated with a 28% increase in the odds of smoking (OR51.28, 95% CI 1.22, 1.34) ( Table 3) . While all covariates contributed to the model fit, nativity had the greatest effect on the attenuation of the neighborhood smoking OR and the relative reduction in the variance of the random effect (random effect variance not shown). High co-ethnic density was associated with decreased individual odds of smoking. In the fully adjusted model (Model 3), the odds of smoking for a woman living in a census tract with $50% Latino residents were 0.41 (95% CI 0.29, 0.57) that of a woman living in a census tract with ,1% Latino residents. The protective effect of Latina co-ethnic density increased with the addition of other individual-and census tractlevel covariates to the model. The direction of effects for other covariates were as expected based upon prior studies ( Table 3) .
The results of the fully adjusted model ( Table 3 , Model 3) suggest that we accounted for the majority of variation in our model. The spatial clustering analysis prior to adjustment (not shown) revealed statistically significant autocorrelation across the state. Although we did find a marked reduction in clustering from before to after adjustment-both global (Moran's I-statistic from 0.109 [p,0.001] to 0.010 [p50.100]) and local (the number of hot/cold spots dwindles)the observed-over-expected ratios continued to exhibit local clustering (Figure 2) . The area around West Grove appeared as a cold spot, indicating it had a statistically significant lower-than-expected rate of smoking after adjustment. Areas around St. Mary's, Allentown, and Norristown appeared as statistically significant hot spots, indicating higher-than expected rates of smoking following adjustment. 
DISCUSSION
The results of this study confirm our hypothesis that Latina women who live in areas where more women smoke immediately before or during pregnancy are themselves more likely to smoke during this period. Although this effect is moderated by individual-and area-level factors, it remains a significant predictor of individual maternal smoking behavior. Additionally, co-ethnic density, as shown in prior literature, is an important predictor of maternal smoking behavior among Latina women, with effects becoming more pronounced with more thorough covariate adjustment. It is likely that co-ethnic density and neighborhood smoking rates are related to individual smoking behavior through different mechanisms, although additional research is necessary to understand this relationship better. For example, it is likely that the neighborhood smoking rate is associated with individual smoking behavior through social influence pathways, as research on adolescent smoking behavior and adult social network studies have shown that peers exert a strong influence on smoking. 20, 21, 34 Women who do not smoke may be socially connected to other women who do not smoke and through these connections select into (i.e., choose) neighborhoods with low maternal smoking rates. Concurrently, women who quit smoking may be more successful in environments in which few of their peers smoke, and women may be less likely to initiate smoking in environments in which few of their peers smoke. The mechanism through which neighborhood coethnic density influences individual smoking behavior is more difficult to understand. It is possible that coethnic density is correlated with structural or social differences in neighborhood environments in ways that have yet to be fully described. For example, neighborhoods with high co-ethnic density may be less stressful or may be targeted by more linguistically and culturally concordant health promotion programs. Alternatively, Latina women who choose to live in neighborhoods with a large Latino population may differ from women who elect to live in other areas, and nonsmokers may be selecting into these census tracts. Interestingly, nativity had the greatest impact on the attenuation of the peerlevel smoking effect on individual maternal smoking. The size of the attenuation effect suggests that foreignborn women have remarkable protective factors when it comes to social influences of their structural environment and may be relying on connections and supports that are not geospatial. They may be more receptive to the norms of their native group as opposed to the dominant group in their neighborhood. It may also signal a degree of isolation that foreign-born women experience, even if in the case of smoking behavior it results in less uptake.
Although currently speculative, these ideas could become practical in guiding public health intervention with further research and qualitative inquiry. First, smoking prevention and cessation efforts could be approached on the community level and supplement individual quitting efforts. In addition, campaigns could learn from protective factors at play in co-ethnically dense areas. For instance, prior research has noted lower rates of utilization of pharmaceutical aids in smoking cessation among Latino smokers as well as lower likelihoods of receiving physician advice on quitting. 35, 36 A small sample of Latino adults in a qualitative inquiry 37 remarked that one of the top reasons for quitting smoking was concern for family and social standing (e.g., setting a good example), and female participants in particular felt that smoking was an "ugly" behavior. In this study, no participants relied on pharmaceutical aids and female smokers turned to traditional remedies and alternative activities-as opposed to physician advice or medical interventionwhen attempting to quit. Although the study did not include pregnant women, it is possible that similar trends hold in pregnancy, and the impetus to explore these alternative routes is especially great considering lower rates of health insurance and adequate prenatal care among Latinas. 1, 38 If Latino communities indeed possess unique antitobacco strategies and have effective ways of enforcing positive group norms, key players in those communities could be engaged to disseminate their practices to oth-ers. Grass-roots solutions to maternal smoking might already exist, and this analysis points to the need for a strong qualitative evaluation that could uncover these tools. A particularly interesting starting point would be in communities with high smoking levels and high co-ethnic density, where qualitative inquiry into the interactive effects of these community norms would be most informative.
In addition, our spatial analysis points to neighborhoods that would make great candidates for further evaluation. Our spatial analysis revealed that neighborhoods around St. Mary's, Allentown, and Norristown had higher-than-expected smoking rates following adjustment, while areas around West Grove had lowerthan-expected smoking rates. As populations of women who smoke tend to cluster together in space and exhibit similar characteristics, we were not surprised by clustering prior to adjustment. Theoretically, if we had accounted for individual-and area-level predictors, the spatial clustering should have disappeared with remaining residuals randomly distributed across the state.
Two possibilities may have been at play. First, we could have omitted a quantifiable variable or several variables that affect peripartum smoking on a statewide scale, such as density of tobacco outlets. However, at this time we have no additional data or prior research that would offer any additional explanatory factors. Therefore, it is possible that we have identified areas that are outliers for reasons that are more difficult to quantify. Cold-spot areas could have lower-thanexpected smoking rates caused by an innovative educational campaign, robust primary care counseling targeted at Latina women of reproductive age, or a unique cluster of positive social capital not captured by data on ethnic density. Hot spots, on the other hand, may be lagging in providing linguistically and culturally appropriate health-care services to Latina women or have a markedly different built environment that fosters smoking. Therefore, this spatial analysis may point to additional, currently nonquantifiable factors that are ripe for on-the-ground inquiry.
In addition to using this analysis as an impetus to explore strategies at play in Latino-dense communities with respect to smoking behavior, public health agencies could use these findings to stratify neighborhoods in need of smoking interventions based on the combination of smoking rates and ethnic density. Although our study cannot claim causative findings, it is possible that areas with high smoking rates may be creating a vicious cycle on the neighborhood scale, as networks of smokers create and sustain the habit of others and counteract positive norms in favor of smoking. If so, beginning with a neighborhood-wide campaign may be worthy. In the world of limited resources, such interventions would not be possible (or necessary) in all neighborhoods. This study provides potential metrics of use in selecting neighborhoods for a communitywide campaign.
Limitations
Our analysis was subject to several limitations. Our study was limited to Latina women, and results should not be generalized to other racial/ethnic groups. Our analysis also aggregated Latina women of different national and ethnic heritage into one group, whereas in reality consolidating all Latinas into one group may not reflect meaningful social boundaries. 39, 40 Although this decision was driven by power limitations, we were able to examine the subgroup of Puerto Rican women, as they were the largest Latina group in our sample. The results were consistent with the group analysis with a few interesting differences. While peer-level smoking continued to have a strong effect on individual-level smoking, the effect stayed relatively constant prior to and following adjustment. Education proved more important on the individual level, while nativity was not a significant predictor, as the overwhelming majority of Puerto Rican women are born in the United States.
We also relied on self-reported cigarette use, which may underestimate the number of women who smoked during pregnancy. 4 Additionally, given the limitations of spatial methods generally and as they apply to our study, our hypotheses should be considered with care. For instance, Latina women were not present in every census tract in the state, which resulted in a number of empty cells across the study area. In addition, the sample size was not uniformly distributed across the state. The novelty of these methods and the current paucity of their application in public health research also pose difficulty in interpretation. Nevertheless, as methods become more developed, we propose that this approach be used more widely in multilevel and population-based research for model evaluation and outlier identification.
Finally, this study could not identify the underlying mechanism through which neighborhood smoking or neighborhood density may influence individual maternal smoking behavior. Nonetheless, it seems reasonable to conclude that living in a census tract with a low smoking rate is beneficial.
CONCLUSION
The neighborhood environment, particularly smoking by peers and co-ethnic density, is an important predictor of individual maternal smoking among Latina women. Viewing maternal smoking behavior as a spatial phenomenon may allow for novel neighborhoodbased public health interventions and more targeted approaches. Further research may benefit from our spatial methodology in selecting outlier environments with grassroots efforts from which to learn through qualitative inquiry, as well as neighborhoods in particular need of intervention.
